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INTRODUCTION 


^^This  docutnenc  describes  the/i:elephonic5>design  approach 
for  the  Advanced  Development  Model  of  the  GWS  Multiplex  Terminal 
(MT) . It  summarizes  and  describes  the  results  of  the  System 
Definition  Phase  (Phase  A)  of  the  job  and  represents  the  infor- 


mation presented  and  the  decisions  agreed  to  at  the  Design  Brief ing,h^ 


held  at  Telephonies  on  11/21/77  and  11/22/77. 

The  '*GPMS  Recommended  Design  Approach"  is  submitted  in 
accordance  with  the  GPMS  SOW  and  Data  Item  #UDI-S -90505 . 
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SECTION  1.0 
PROGRAM  OVERVIEW 
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1.2 


GOALS 


The  goals  of  the  ADM  program  are  listed  below.  They  are 
the  result  of  both  customer  requirements  and  Telephonies  system 
analysis  of  desirable  and/or  essential  features. 


• FLIGHTWORTHY,  QUALIFIED  TERMINAL  DESIGN 

• GPMS  & 1553A  COMPATIBLE 

• PER  MIL-C-85013(AS),  PRELIMINARY 

• * MODULAR  DESIGN 

• * NON-BLOCKING  CAPABILITY 

• * 4 PORTS 

• * 270V  D.C.  PRIMARY  POWER 

• * STAND-ALONE  DT  OPERATION 

* RESULT  OF  SYSTEM  ANALYSIS 
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1.3 


CONSTRAINTS 


The  external  constraints  imposed  upon  the  ADM  design 
are  listed  below. 


"MINIMUM"  SIZE,  WEIGHT,  POWER 


MIL-STD-883  & MIL-S -19500  FOR  ELECTRONIC  COMPONENTS  * 


FLIGHTWORTHY  DESIGN  (QUAL  TEST  PER  MIL-STD-810C) : 


- TEMP /ALT:  METHOD  504.1,  PROC.  I,  CAT.  6 
(-620C  to  +95°C;  SL  to  70,000  FT.) 


- SHOCK:  METHOD  516,2;  PROC.  Ill,  FIG,  516.2-1 
(CRASH  SAFETY  FOR  FLIGHT  VEHICLE  EQUIPMENT) 


- VIBRATION:  METHOD  514.2,  FIG.  .514.2-2 
(AS  MODIFIED  BY  SOW) 


EMI  PER  MIL-STD-461:  PETHOD  RS03  (AS  MODIFIED  BY  SOW) 


* 


WHERE  FEASIBLE 
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SECTION  2.0 

DESIGN  OVERVIEW 
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1 

2.1  ' SYSTEM  6c  TERMINAL  BLOCK  DIAGRAMS 

j 

A typical  GWiS  system  ctmf iRurat Ion  Is  shown  in  figure 
Ij  and  a terminal  (MT)  block  diagram  in  figure  2. 
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rKMlVALl’  I'ARTITIONING  ■ 'll 

i| 

Thonnal  analysis  (see  sec.  3.7.4)  Indicates  tlu"  ncccssit  v 
i .-ir  the  tellowlng  operating  schedule. 

2.3.1  SI.  TO  35,000  FEET 

.))  No  external  cooling  air  required, 
h)  I’an  circulates  air  at  cabin  ambient. 

) I'an  Is  outside  basic  box  envelope. 


iH  ivpLcal  of  lAMPS  helicopter  and  A7  operation, 
i . IS. 000  TO  70.000  FEET 

a)  Kxternal  cooling  air  0 3.4  Ibs/min/KW  required, 
h)  I'ypical  of  Fl8  and  Bl  operation. 

i <.illAI  II  It’ATION  TESTING  PER  ABOVE  PARTITIONING 

al  For  tests  up  to  and  including  35,000  feet  chamhei 
air  is  circulated  by  fan. 

b)  For  tests  from  35,000  through  70,000  feet  condilioiuu 
air  is  piped  to  the  unit  in  the  chamber. 


SECTION  3.0 


DETAIL  DISCUSSION 


17 


SECTION  3.1 


DESIGN  CONSIDERATIONS 


IMcsffs/hxsm^ 


DESIGN  GOALS 


• GPMS  should  be  partitioned  into  3 inique  functional 
modules . 

• GPMS  partitioning  should  lead  to  a set  of  "modular" 
building  blocks. 

• GPMS  should  have  the  cq) ability  to  meet  present  as  well 
as  future  system  requirements. 

• Changes  in  future  system  requirements  shou  Id  be  accomp- 
lished by  reprogramming  of  the  protocol  routines  rather 
than  hardware  changes. 

• One  unique  design  should  be  simultaneously  capable  of 
operating  in  Polling  Contention,  Command  Response  and 
Bus  Control  Interface  Unit  Modes. 

• GWS  partitioning  should  allow  implementation  of  Blocking 
or  Non-Blocking  system  configurations. 

• GPMS  Modules  should  be  capable  of  operation  in 
Remote  Terminal  or  "stand  alone"  (smart  peripheral) 
applications . 

• GPMS  Modules  should  be  capable  of  implementing  the 
Cable  Control  Unit  (CCU)  for  Polling  Contention  systems. 
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GPMS  DESIGN  APPROACH 


• GFMS  has  been  partitioned  Into  3 unique  modules, 

• The  system-analysis  and  resulting  redesign  effort  on 
the  GPMS  has  resulted  in  three  modules  which  form  a 
basic  set  of  system  building  blocks. 

• Tha  modules  are  capable  of  operation  as  part  of  a 
Remote  Terminal  or  as  a "stand  alone"  unit. 

a The  modules  have  firmware  programmable  protocol 
routines . 

• Future  changes  to  MIL-STD-1553  or  MIL-G-85013  (AS) 
will  be  accomodated  by  reprogramming  the  ONL  Module. 

No  hardware  redesign  is  required. 

a The  GPMS  system  accomodates  Imminent  changes  to  MIL- 
STD-1553A  such  as  Broadcast  mode  and  the  accept- 
reject  status  word  for  Dynamic  Bus  Allocation. 

a The  Port  module  can  be  used  as  the  "front  end"  of  the 

Cable  Control  Unit  (CCU)  for  Polling  Contention  systems. 


20 


i 


3.1.3  BLOCKING  VS.  NON  BLOCKING  OPERATION 

A.  BLOCKING  TERMINAL  DEFINITION 

In  a multi  data  bus  system,  the  remote  terminal  shall 
transmit  and  receive  messages  on  only  one  data  bus  at  a time.  If 
the  remote  terminal  receives  a valid  command  word  on  a previously 
unused  data  bus.  It  shall  Immediately  terminate  operation  on  the 
current  data  bus  and  respond  to  the  command  on  the  new  data  bus. 
Communication  will  continue  on  this  data  bus  until  a valid  command 
word  Is  received  on  another  data  bus  or  until  completion. 

B.  NON  BLOCKING  TERMINAL  DEFINITION 

In  a multi  data  bus  system,  the  remote  terminal  shall 
transmit  and  receive  messages  on  all  data  busses  (up  to  a maximum 
of  four)  simultaneously.  Each  data  bus  shall  be  capable  of  respond- 
ing to  valid  command  words  and  transmitting  and  receiving  messages 
Irrespective  of  data  traffic  on  the  other  data  busses  communicating 

} 

i , with  the  remote  terminal. 

I ' 

I 

j ‘ C.  ANALYSIS 

I f 

The  GFMS-ADM  design  Is  modular , and  therefore,  capable  of  opera- 

I 

I 

1 tion  In  either  the  blocking  or  non -blocking  mode.  Considerable  savings 

I in  size  and  weight  can  be  realized  by  utilizing  the  blocking,  rather 

f 

than  the  non-blocking  configuration.  It  Is  not  necessary 
to  make  the  design  conform  to  either  exclusively  since  both  are  avail- 
able via  the  modular  design. 
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3.1. 4 


MODUUR  SYSTEM  APPROACH 


Based  on  system  functional  requirements,  appropriate 
tradeoffs  between  blocking  and  non-blocking  systems  can  be  made. 

Block  diagrams  of  both  the  blocking  and  non-blocking  system  are 
shown  in  Figures  3 and  4 respectively.  It  should  be  pointed  out 
at  the  outset  that  while  the  non-blocklig  system  offers  increased 
system  versatility  and  higher  data  bandwidths,  it  does  impose  the 
penalties  of  Increased  cost  and  size.  An  approximate  idea  of  the 
relative  real  estate  and  relative  cost  of  various 

system  configurations  (exclusive  of  interface  modules)  in  both  blocking 
and  non-blocking  modes  is  shown  in  Table  3-1  of  the  SEM,  Phase  1 report . 

The  block  diagrams  (Figure  3 and  Figure  4 ) reveal  the 
major  difference  between  the  blocking  and  non-blocking  systems.  The 
blocking  system  consists  of  a "dumb"  port  electronics  module  with 
the  "smarts"  for  protocol  contained  in  a single  central  processor 
(ONL) . On  the  other  hand,  the  non-blocking  system  consists  of  a 
"dumb"  port  electronics  module  and  processor  (ONL  module) for  each 
channel  (i.e.  distributed  processing)  each  of  which  is  capable  of 
doing  1553  command  response  or  MIL-G-85013(AS)  polling-contention 
protocol  routines. 

From  this  discussion,  it  becomes  obvious  that  a 
desirable  system  approach  would  require  that  the  Port  and  ONL 
processor  modules  be  of  identical  designs  fa  both  the  blocking  and 
non-blocking  modes.  In  this  manner,  reconfiguring  a system  (oi 
designing  a new  system)  would  involve  a minimum  amount  of  change. 

22 


A blocking  system  would  consist  cf  the  desired  number  of  Port  modules 
along  with  a processor  module.  A non-blocking  system  would  consist 
of  a different  number  and  mix  of  the  identical  component  modules. 
System  logistics,  maintainability  and  cost  would  be  minimized. 
Therefore,  Telephonies  has  developed  a fully  modular  GPMS  system 
design.  New  GWIS  systems  can  be  Implemented  with  a suitable  mix 
of  the  standard  GPMS  modules.  The  modular  standard  GPMS  modules 
will  allow  blocking  systems  to  be  Implemented  without  having  to 
carry  the  additional  size  and  cost  burden  of  non-blocking  capability. 

This  modular  design  allows  the  use  of  the  three  unique 
modules  to  configure  the  following  systems: 

• 1,  2,  3 or  4 Port  Non-Blocking 

• 1,  2,  3, or  4 Port  Blocking 

• Remote  Terminal 

• Stand  Alone 

• ecu 
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3.1.5 


LSI 


3.1.51.  PORT 

15 1 has  the  inherent  advantage  saving  valuable  real 
estate  while  simultaneously  decreasing  maintainability  and  logistics 
costs.  In  the  case  of  standard  LSI,  reduced  costs  can  sometimes 
be  realized.  Custom  LSI  becomes  cost  effective  only  for  large 
volume  requirements  or  where  system  size  requirements  dictate  its 
use . 

After  careful  consideration,  it  was  determined  that  the 
only  area  where  LSI  seemed  feasible  was  the  Manchester  Encoder /Decoder . 
A standard  CMOS/SOS  LSI  chip  is  available  from  Harris  Semiconductor. 
Analysis  of  the  remaining  functions  on  the  Port  module  revealed  that 
it  would  be  impractical  to  use  oresent  day  custom  I, SI  technology 
for  these  functions.  The  remaining  functions  can  be  divided  into 
two  groups;  1)  Standard  MSI  chips  and  2)  Random  logic  SSI  chins. 
Each  of  the  MSI  chips  has  high  functional  density  and,  as  a consequence, 
generates  a relatively  large  amount  of  heat.  It  was  determined  that 
concentrating  these  functions  in  an  LSI  chip  would  cause  a reliability 
problem  due  to  the  large  concentration  of  heat  producing  elements  in 
such  a small  volume.  This  group  of  chios  may  lend  itself  to  a 
custom  LSI  when  the  CMOS /SOS  technology  comes  of  age.  This  tech- 
nology promises  to  allow  high  speed  operation  of  CMOS  circuits  which 
were  previously  frequency  limited.  The  CMOS  circuits  are  inherently 
low  power  devices.  Therefore,  CMOS/SOS  technology  combines  high 
density,  high  speed  and  low  power  . The  Harris 

• 24 


Manchester  Encoder /Decoder  CMOS /SOS  t.SI  is  an  example  of  the  advantages 
of  this  new  technology  . 

•j.1.5.2  ONL/OFI, 


Where  possible,  standard  LSI  integrated  circuits  have 
I een  used.  The  decision  against  using  custom  I.SI  at  this  time  was 
predicated  on  the  present  state  of  the  art  in  that  field.  The 
problem  of  high  heat  concentrations  reducing  reliability  has  been 
previously  discussed.  Again,  when  CMOS/SOS  technology  becomes  avail- 
able to  the  custom  LSI  market,  some  of  the  MSI  functions  might  be 
effectively  condensed  into  an  LSI  integrated  circuit. 

3.1.6  SEM 

The  developers  of  current  and  future  aircraft  have  a need 
for  standard  input/output  modules  for  use  on  avionic  equipments. 

These  modules  would  simplify  maintenance  and  reduce  the  initial  cost 
of  avionics.  Such  modules  would  also  orovide  the  basic  components 
necessary  to  build  unique  terminals  for  armament  systems,  avionics 
systems,  and  other  special  apolications . The  impact  of  SEM  upon 
this  terminal  development  would  impact  future  versions  of  the  F-18  and 
F-16  programs. 

The  SEM  program's  prime  obiective  is  the  definition, 
design,  and  packaging  study  of  electronic  functions  that  can  be  util- 
ized in  a variety  of  applications.  Standardization  of  the  GPMS  ter- 
minal modules  for  utilization  in  a wide  variety  of  avionic  equipments 
and  armament  considerations  are  important  candidates  for  SEM.  There- 


fore, this  study  program  was  initiated  to  define  the  GPMS  current  ad- 


phase  of  the  program  Investigated  various  technologies,  packaging 
concepts  and  compared  all  known  criteria  against  such  requirements 
as  size,  weight,  cost,  thermal  properties,  power,  rellahlHty,  and 
vulnerability  characteristics.  A projection  of  the  Impact  of  future 
technology  on  the  proposed  SEM  modules  was  also  investigated.  A 
compreliens Ive  analysis  was  conducted,  based  on  the  afore  mentioned 
criteria,  to  establish  optimum  SEM  designs. 

In  line  with  the  SEM  program  objectives  an  intital  analysis 
of  the  current  Gl’MS  system  was  conducted.  SEM  requirements  for  flexl- 
biUtv,  versatility,  and  apnl  Icabl  1 1 ty  to  current,  as  well  as.  future 
system  applications  guided  this  (APM)  design.  Careful  attention  to 
systems  analysis  insured  that  GPMS  - ADM  would  not  only  be  capable 
of  forming  tlie  basic  building  blocks  for  all  current  multiplex  Data 
Hus  Systems,  but  also  liave  the  flexibility  to  satisfy  future  system 
requirements.  At  the  conclusion  of  the  design  phase,  a partition 
analysis  was  made  to  Insure  that  the  SEM  modules  would  form  "modular" 
building  blocks  for  avionics  system  designers.  Tlie  resulting  three 
CIW  nuxiules  meet  all  the  primary  requirements  of  the  SEM  program. 

A detailed  discussion  of  the  SEM  concept  and  pliilosopby  may 
bo  found  by  referring  to  the  SEM,  Pliase  I report. 
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SECTION  3.2 

THEORY  OF  OPERATION 


t 


27 


f 


3.2.1 


♦ 

BUS  CONTROL  UNIT  (BCU) 

Operation  of  the  BCU  is  described  by  the  flow  chart  shown 
in  Figure  5. 

3.2.2  MULTIPLEX  TERMINAL  (MT) 

The  MT  is  divided  into  two  major  functional  blocks.  They 
are  the  "front  end"  or  DT  (Data  Terminal),  which  consists  of  the 
Port  and  Processor  (CPU)  cards,  and  the  Interface  Module  (IM) 
section.  The  DT  is  the  multi-channel  communication  link  with  the 
MUX  bus  system  while  the  IM's  provide  the  interfaces  to  the  various 
peripheral  devices.  The  transfer  of  data  and  controls  between 
the  DT  section  and  each  IM  is  accomplished  via  a "standard" 
interface  d.  rcuit  so  that  each  IM  is  designed  with  the  same 
circuitry  for  intra-MT  communication.  This  interface  is  described 
in  section  3.3.1. 

The  Port  module  (card)  design  is  based  on  the  use  of  the 
"Harris  chip"  (HR3209)  which  is  a MOS  circuit  that  performs  indivi- 
dual word  checks  (receive  and  transmit)  to  detect  sync,  count  bits 
check  and  generate  parity,  and  format  conversion.  In  general, 
the  Port  performs  the  following  functions  : 

• Serial/Parallel  - Parallel/Serial  Data  Conversion. 

• Word  Level  Testing  i.e.  Parity,  Manchester  Coding .. .Etc . 

• Terminal  Address  Recognition. 

• Processor  Interrupt  After  Valid  Command. 

• Excess  Transmission  Turn-Off 
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The  basis  of  the  Processor  design  is  the  Advanced  Micro 
Devices  AM2901  microprocessor.  A unique  feature  of  this  device 
is  its  microprogrammability.  The  following  excerpt  from  the  AMD 
Microprogramming  Handbook  * succinctly  summarizes  the  operation 
and  advantages  of  this  technique: 

"Basically,  a microprogrammed  machine  is  one  in  which 
a coherent  sequence  of  microinstructions  is  used  to  execute 
various  commands  required  by  the  machine.  If  the  machine  is  a 
computer,  each  sequence  of  microinstructions  can  be  made  to 
execute  a machine  instruction.  All  of  the  little  elemental 
tasks  performed  by  the  machine  in  executing  the  machine  instruction 
are  called  microinstructions.  The  storage  area  for  these  micro- 
instructions is  usually  called  the  microprogram  memory. 

A microinstruction  usually  has  two  primary  parts.  These 
are;  (1)  the  definition  and  control  of  all  elemental  micro- 
operations to  be  carried  out  and  (2)  the  definition  and  control 
of  the  address  of  the  next  microinstruction  to  be  executed. 

The  definition  of  the  various  micro-operations  to  be 
carried  out  usually  includes  such  things  as  ALU  source  operand 
selection,  ALU  function,  ALU  destination,  carry  control,  shift 
control,  interrupt  control,  data-in  and  data-out  control,  and  so 
forth.  The  definition  of  the  next  microinstruction  function 
usually  Includes  identifying  the  source  selection  of  the  next 
microinstruction  address  and,  in  some  cases,  supplying  the  actual 
value  of  that  microinstruction  address. 
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Microprogrammed  machines  are  usually  distinguished  from 
non-mlcroprogrammed  machines  In  the  following  manner.  Older,  non- 

I 

microprogrammed  machines  Implemented  the  control  function  by  using 
combinations  oi  ?tea  and  flip-flops  connected  in  a somewhat  landom 
fashion  In  order  to  generate  the  required  timing  and  control 
signals  for  the  machine.  Microprogrammed  machines,  on  the  other 
hand,  are  normally  considered  highly  ordered  and  more  organized 
with  regard  to  the  control  function  field.  In  its  simplest 
definition,  a microprogram  control  unit  consists  of  the  micro- 
program memory  and  the  structure  required  to  determine  the  address 
of  the  next  microinstruction”. 

A?901  chip  is  a "four  bit  slice"  of  a processor.  There- 
fore, two  of  these  chips,  in  cascade,  are  used  to  make  up  the 
eight  bit  processor  required  for  the  ADM  MT  function.  Refer  to 
Figure  7.  The  2901  is  the  Arithmetic  Logic  Unit  (ALU),  per- 
forming the  necessary  processing  functions  under  the  control  of 
48  bit  micro-instructions  contained  in  the  "uP  Control  Store" 
memory.  The  2910  (uP  Program  Controller)  contains  the  program 
counter  which  advances  the  uP  Control  Store  after  each  instruction 
is  accomplished.  Part  of  the  micro-instruction  (5  bits)  is  fed 
back  to  the  2910  to  control  its  mext  action  on  each  step  (incre- 
ment or  jump). 

* AMD  Microprogramming  Handbook  & AM2910  Emulation  by 

John  R.  Mick  & Jim  Brick;  2nd  Edition;  1977. 
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Each  CPU  section  operates  in  either  one  of  two  major 
modes.  When  not  occupied  with  main  MUX  line  activity  the  CPU 
falls  back  to  off-line  (OFL)  processing,  the  major  task  being  to 
scan  IM's  for  service  requests  and  load  the  Bus  Service 
Request  (BSR)  File  (FIFO)  as  they  occur.  This  is  needed  in  a 
polling  contention  system  only.  Since  OFL  activity  is  non-real - 
tine  the  hardware  used  exclusively  for  this  activity  is  shared  by 
all  processors.  The  (Central)  Memory/Timing  card  contains  a 
PROM  which  lists  the  OFL  macro-irstructions  for  each  CPU. 

A macro-instruction  is  read  out  of  the  memory  via  the 
IM  Data  Bus, mapped  to  a u Control  PROM  starting  location  by  the 
Mapping  PROM  and  then  steered  to  the  Program  Counter  in  the  2910 
which  causes  the  processor  to  perform  the  routine.  This  goes  on 
continuously  until  an  interrupt  occurs.  An  interrupt  is  generated 
by  the  Port  as  the  result  of  either  a command  word  when  operating 
as  a Command  Response  (CR)  system  or  a poll  when  functioning  in 
a Polling  Contention  (PC)  configuration. 

In  the  PC  mode  a match  of  the  Terminal  Address  field 
information  in  a Bus  Control  Unit  (BCU)  bus  offer  causes  the  Port 
to  generate  the  Port  Interrupt  Vector  (PIV)  word  (seven  bits) 
which  is  converted  in  the  Mapping  PROM  to  the  starting  address  of 
the  Poll  Response  (ONL)  macro.  When  operating  in  the  CR  mode  the 
same  type  of  terminal  address  match  together  with  Subaddress/Mode 
and  Word  Count  information  is  used  to  generate  a PIV  containing 
sufficient  intelligence  to  yield  the  appropriate  macro  starting 
address  (in  the  uP  Control  Store)  and  the  designation  of  the  31 


referenced  IM  when  converted  In  the  Mapping  PROM.  It  should  be 
noted  that  this  second  type  of  command  word  (and  resultant  PIV) 
also  occurs  in  the  PC  mode  after  a terminal  has  accepted  the 
offered  MUX  cable  to  set  up  a communication  link  with  a second 
MT.  Some  of  the  distinctive  characteristics  of  the  ADM  MT  and 
its  CPU  design  are  as  follows: 

a)  Terminal  design  is  modular  i.e.  many  system  config- 
urations are  possible. 

b)  Terminal  can  be  configured  as  a blocking  or  non- 
blocking  system. 

c)  Manchester  protocol  can  be  Command /Response  or 
Polling/Contention . 

d)  Processor  is  micro  programmable  for  flexibility. 

e)  Even  though  hlg^.  speed  is  required,  power  has  been 
minimized  using  lower  power  Schottky  devices. 

f)  Box  size  has  been  minimized  by  use  of  high  density 
IC's,  multilayer  boards,  and  micro  processor  design 
techniques . 

g)  Software  requirements  are  minimized  by  having  a 
single  processor  design  and  micro  level  instructions. 

h)  High  speed  u processor  capable  of  bus  formatting 
and  IM  routines. 

i)  Processor  can  service  more  than  one  Port  in  a blocking 
configuration . 

j)  Architecture  is  general  purpose. 

k)  2901/2910  offer  flexible  data  and  program  control. 
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The  Central  Memory /Timing  module  (Mem/Tim)  is  a single 
card  containing  the  functions  which  are  shared  by  all  processor 
sections.  Refer  to  Figure  8.  The  "Bus  Service  Request" 

(BSR)  file  is  a FIFO  memory  which  is  used  to  store  the  service 
request  flags  from  the  IM's.  It  is  loaded  during  OFL  processing 
and  is  used  by  all  CPU's  during  PC  polls  for  peripheral  servicing. 

The  PROM  (IK  x 8)  stores  the  OFL  macro-instructions  which 
specify  the  OFL  processing  for  the  processors.  The  RAM  (256  x 8) 
is  a temporary  scratchpad  with  miscellaneous  functions.  The 
"Reject  Reply"  register  produces  a canned  cable  rejection  response 
when  required  by  one  of  the  CPU's.  The  "Board  Status"  register 
circuit  maintains  a performance  status  word  (for  all  boards) 
which  is  transmitted  on  demand. 

Communication  between  the  Mem/Tim  elements  and  the  CPU's 
is  via  the  same  standard  interface  used  by  the  IM's  and  described 
in  section  3.3.1.  Summarizing  its  features  we  have: 

a)  Standard  IM  Interface 

b)  Contains  Polling  Contention/Dynamic  Bus  Allocation 
Bus  Service  Requests. 

c)  Macro  instructions  are  stored  in  PROM. 

d)  RAM  provides  large  scratch  pad. 

e)  Real  time  counter  for  long  time  outs. 

f)  Master  clock  source  for  processor  s . 
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DEFINITION  OF  STANDARD  INTERFACE 

Information  transfer  between  Data  Terminal  and  IM's. 

1)  Data  will  be  transferred  between  IM's  and  DT  via  the 
8 bit  data  bus,  uslnR  two  8 bit  bytes  per  message. 

2)  Data  Terminal  will  provide  all  the  control  signals  to 
IM's  via  the  16  bit  address  bus,  plus  a Read,  Write  and 
VA  (Valid  Address)  control  signal.  The  Read  signal  is 
sent  by  the  DT  to  acquire  data  from  the  IM.  The  Write 
signal  is  used  to  Input  data  to  the  IM.  The  Valid 
Address  signal  Is  used  to  inhibit  data  and  address  bus 
receivers  and  decoders  during  address  changes  in  order 
to  prevent  excessive  switching  currents  during  that 

t Ime . 

3)  ADDRESS  FORMAT 

A15  All  A7  A6  AO 

I I I I I I f » » » < • I FROM 

E/I  IM  ADDRESS  SUB  BYTE  . B\’TF.  COUNT  | I’ROC  TO 

ADDRESS  in  ' 1 IM. 

A7  A6 

00  - Data  Valid 

01  * Data  Invalid 

10  - Status 

11  ■ Command 


From  diagram,  A15  Is  external  or  Internal  storage  l.e., 
IM's  and  their  associated  manory  are  external.  On-Eine/ 
Off-Line  processor  memory  Is  internal.  A14  - A8  is  a 


a 7 bit  message  code  containing  a 4 bit  IM  address  and 
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a 3 bit  sub  address.  A7  and  A6  are  used  for  byte  ident- 
ification as  follows: 

00  ■ Data  Valid  which  states  that  the  information  DT 

received  from  the  MUX  bus  is  correct  with  respect 
to  parity  and  quantity. 

01  " Data  Invalid.  This  means  that  the  IM  has  a choice 

as  to  whether  to  disregard  the  message  or  possibly 
generate  a character  which  signifies  that  an  error 


was  present. 

10  “ Status  is  a request  for  IM  Status  (such  as  IM 
busy)  to  be  sent  from  IM  on  the  Data  Bus  to  the 
DT  and  then  to  the  MUX  bus  if  A5  is  concurrently 
logic  "1".  If  A5  - logic  "0"  the  status  infor- 
mation was  only  necessary  for  internal  use. 


The  format  of  the  data  bus  signal  during  a Status  Request 


in  shown  below  in  two  forms; 

A.  IM  STATUS 

BUSY  From  IM 

"0”  1 to  PROC. 

If  idle  I 1 0 0 0 0 0^  0 I 

BYTE  0 


(when  A5  on  address 
bus  is  logic  0.) 


B.  BUS  STATUS 


BUSY 

Format  of 

IM  contri-  OOOOOOOOOOOOOOloj 

but  ion  to *■ 

PROC.  Bus  BYTE  0 BYTE  1 

Status  Word. 


(when  A5  on  address 
bus  is  logic  1). 

From  IM 
to  PROC. 
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The  first  form  Is  IM  Status  Request.  This  occurs  when  A5 
of  the  address  bus  is  logic  0.  The  IM  then  outputs  a byte  0,  as 
shown,  onto  the  data  bus.  This  is  for  internal  use  only  and  is 
transmitted  to  the  MUX  bus.  The  second  form  occurs  when  a Bus  Status 
Request  (A5  of  address  bus  • logic  1),  is  made  causing  the  two  data 
bytes  as  shown  above  to  be  outputted  by  the  IM  onto  the  data  bus. 

11  - When  A7  and  A6  are  11,  this  signifies  a command. 

Used  in  conjunction  with  Al  thrcu  gh  A5  these  commands 
Initiate  action  in  the  IM's. 

A5  through  Al  are  used  in  conjunction  with  the  Byte  ID 
bits  to  provide  byte  count  in  the  case  where  data  is  being  transferred; 
type  of  Status  (internal  or  externaljp  all  the  different  commands  for 
the  IM's;  and  Built  In  Test  Control. 

Bit  AO  determines  whether  byte  0 or  byte  1 of  data  is  being 
applies  to  the  DB . The  first  byte  transferred,  BO,  always  contains 
the  most  significant  bits. 
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SAMPLE  WORD  FORMATS 
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IM  DESIGN  CONSIDERATIONS 


A/D  IM  (Refer  to  Fig.  9) 

An  investigation  of  the  available  A/D  converters  revealed 
that  accuracy  and  speed  force  the  price  and  size  upwards.  Although 
A/D  converters  have  become  smaller  and  more  economical  in  recent 
years,  they  have  not  reached  the  point  where  it  would  be  practical 
for  each  analog  channel  to  have  its  own  A/D  converter.  Currently, 
reasonably  priced  12  bit  A/D  converters,  in  the  2 to  $300  range, 
are  about  2"  x 4"  x .5”  in  size.  Hybrids  are  becoming  available 
and  are  smaller;  approximately  1 3/4"  x 1 1/8"  x 1/4",  but  still 
as  costly.  Thus  the  decision  to  use  a central  A/D  board  in  stead  of 
distributed  A/D's  was  made. 

A 12  bit  hybrid  manufactured  by  Analog  Devices  was  selected 
for  the  Central  A/D.  Since  a variety  of  DC  and  AC  signals  will 

have  to  be  digitized  in  the  system  a sample  and  hold  is  necessary  to 

provide  the  A/D  with  stable  information  for  a period  long  enough 

for  A/D  conversion.  The  sample  and  hold,  also  manufactured  by  Analog 
Devices,  was  selected  to  the  compatible  with  the  12  bit  A/D.  It 
will  be  capable  of  acquiring  a time  varying  or  DC  signal  in  6 usee, 
to  within  .017o  accuracy.  The  Aperture  Time  jitter  (uncertainty), 
ta,  is  given  as  15  nanoseconds.  This  jitter  causes  the  sample  to 
have  amplitude  variations,  referred  to  as  "aperture  error".  The 
definition  is: 

AE  “ ta  ^ where  dv  is  the  slope  of  the  input  signal, 
dt  dt 
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If  the  input  signal  Is  400  Hz:  V “ E Sin  WT 

^ - EW  Cos  Wt  - EW, 
dt 

since  Cos  WT  - I at  the  0 voltage  crossing  point  which  is  the  fastest 
rise  time  of  a sine  wave. 

Ae  = 15  X 10"^  X 10  X 2 X TT  x 400 
Ae  - 3.769  x 10~^  (0.38  tnv.  ) 

Since  ^ LSB  - 2.5mv  it  is  seen  that  the  possible  Aperture  Error  that 
can  occur  during  the  acquisition  of  a 400  Hz  sine  wave  is  negligible  . 

The  A/D  board  is  set  up  such  that  the  voltage  droop  that 
appears  on  the  sample  and  hold  output  capacitor  will  be  minimized 
because  the  A to  D conversion  takes  place  as  soon  as  th  e "hold"  mode 
of  the  sample  and  hold  has  stabilized.  This  is  deslreable  because 
the  volt  age  on  the  hold  capacitor  at  this  time  would  be  within  ^ 

LSB  of  the  input  voltage  to  the  sample  and  hold  and  therefore  provide 
minimal  error  in  the  signal  voltage  to  be  converted.  Once  the  conver- 
sion is  complete  the  digitized  signal  is  automatically  fed  to  an 
output  latch  which  is  applied  to  the  data  bus  upon  a command. 
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3. 3.2,2  ANALOG  IM  (Refer  to  Fig.  10) 

The  analog  IM  is  actually  two  IM's  on  the  same  board.  One 
will  be  used  to  channel  subscriber  equipment  signals  through  an  analog 
multiplexer  onto  the  analog  bus  which  connects  to  the  A/D  input. 

The  other  will  receive  and  convert  digital  information  from  the  data 
bus  to  analog  values,  pass  it  through  a demultiplexer  and  place 
the  analog  information  in  to  hold  circuitry  long  enough  to  be  used 
by  the  subscriber  to  which  it  was  sent. 

OP-12  operational  amplifiers  manufactured  by  PMI  were  selected 
as  the  channel  input  buffers.  They  are  configured  to  receive  differ- 
ential analog  signals  while  at  the  same  time  minimizing  the  effects 
due  to  input  offset  voltage  and  current.  Their  input  of f set  voltage 
is  typically  0,4  mv  over  the  full  military  temperature  range  which 
along  with  other  excellent  parameters  insure  minimal  error  over  a 
wide  range  of  operating  temperatures. 

The  DG  508A  multiplexer  has  a maximum  "on"  resistance  of 
500  ohms.  The  offset  error  produced  by  this  resistance  is  dependant 
on  leakage  current  through  the  "on"  switch  into  the  seven  other 
off  switches  plus  the  current  into  the  A/D  sample  and  hold.  The 
leakage  current  plus  the  sample  and  hold  input  current  is  approximately 
0.8  ua.  Therefore  the  offset  voltage  due  to  currert  flowing  through 
the  on  resistance  of  the  multiplexer  ■ 

X 500  ■ .415  mv.  which  is  much  less  than  k LSB  and  therefore  suitable 
for  this  application. 


E 


5 X 10-6  + ,33 


10-^ 
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The  selection  of  the  D/A  converter  was  based  on  trade  offs 
between  physical  alee,  accuracy,  cost,  speed  and  power  consumption. 
The  National  DA  1200  comes  in  a dual  width  DIP  package.  Is  low  In 
cost,  has  a setting  time  of less  than  2.5  usee,  low  power  consumption 
and  k LSB  linearity,  thereby  making  it  a good  choice. 

The  output  of  the  D/A  converter  Is  condl tloned  through  an 
operational  amplifier,  demultiplexed  through  a differential  multi- 
plexer and  fed  to  sample  and  hold  storage  circuitry.  To  minlmlie 
the  gain  and  offset  errors  caused  by  these  three  series  elements, 
the  final  output  is  fed  back  and  compared  to  the  output  of  the  D/A 
at  the  input  to  the  operational  amplitier.  Since  the  op-amo  Is 
configured  as  a unity  gain  follower,  the  final  output  will  closely 
approximate  the  D/A  output  voltage  + the  op-amp  offset  error. 
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3. 3. 2. 3 SYNCHRO  TO  DIGITAL  IM  (Refer  to  Fig.  11) 


Certain  trades  offs  were  considered  concerning  the  decision 
to  "make  or  buy"  the  S/D  converter.  Purchaseable  units  are  available 
from  several  sources.  They  have  excellent  accuracy  and  can  operate 
over  the  full  military  temperature  range.  Unfortunately  all  are  costly 
and  physically  large.  Since  the  ADM  system  contains  a central  A/D 
board  a "make"  decision  was  logical  to  avoid  having  redundant  functions 
in  the  system.  In  other  words,  the  S/D  converter  must  also  make  an 
analog  to  digital  conversion.  Using  the  central  A/D  in  conjunction 
with  simultaneous  sampling  of  the  sine  and  cosine  outputs  of  a Scott-T 
input,  3 wire,  angular  information. 

An  error  analysis  revealed  the  necessity  of  maintaining 
the  sine  to  cosine  ratio  throughout  the  D/S  and  S/D  conversion. 

Using  only  cosine  information  would  result  in  large  errors  at  the 
"0"  crossing  point.  Using  the  tangent  of  the  angle  (Sine/Cosine) 
should  result  in  better  than  0.17<,  accuracy. 
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3.3.  2.4  UHF  - (SERIAL)  DATA  IM  (Refer  to  Fig.  12) 

Data  bus  and  address  bus  Interfaces  present  low  loading 
to  busses  because  all  data  bus  Interfaces  are  presented  through  7833 
party  line  transceivers.  No  other  trl -state  devices  are  connected 
directly  to  the  data  bus  from  the  IM. 

Read,  Write,  and  Address  enables  from  the  microprocessors 
are  differential  for  noise  cancellation. 

Low  power  Schottky  devices  are  used  where  possible  to  lower 
power  consumption  while  maintaining  speed. 

Latches  which  contain  frequency  data  will  only  be  updated 
during  the  time  when  the  UHF  radio  is  not  requesting  this  data. 

The  UHF  Radio  clocks  in  the  frequency  information  from  the 
IM  at  a rate  of  800  HZ.  There  are  24  clock  pulses  followed  by  a dead 
space  of  8 clock  times.  This  occurs  continuously.  The  information 
is  held  in  three  8 bit  latches.  The  24  clock  pulses  cause  a scan 
of  the  latches  to  occur.  This  information  is  fed  out  serially  to 
the  radio.  The  latches  are  updated  by  the  comouter  during  the  8 
clock  time  dead  space  which  lasts  for  about  10  milliseconds.  During 
this  same  dead  time  the  latches  will  be  read  back  with  the  computer 
for  the  purposes  of  BIT.  This  information  can  be  compared  with 
the  data  which  went  to  the  latches  as  a test  of  performance. 
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SOSTEL  IM  (Refer  to  FI 


Each  Current  Source  has  an  address  designated  by  bits  Ao 
to  A5  on  the  computer  address  bus.  Bit  Do  of  the  data  bus  controls 
the  on-off  information  for  the  addressed  current  source.  A "Write" 
pulse  is  Issued  and  that  current  source  responds  by  following  Bit 
Do  providing  the  op  code  00  was  used  on  the  address  bus. 

To  read  a particular  current  source,  one  must  address  that 
current  source  and  use  an  op  code  of  "01".  A write  pulse  is  then 
issued  which  starts  a 50  usecond  test  pulsein  all  current  sources. 

At  the  end  of  the  test  pulse,  the  addressed  current  source  is  read 
with  the  A/D  coding  circuit. 

It  is  then  necessary  to  issue  a read  pulse  together  with  a 
data  message.  The  coded  voltage  Information  will  then  be  applied  to 
the  data  bus  so  that  the  computer  can  absorb  it. 

The  data  bit  which  directs  the  on-off  information  is  fed 
back  to  the  computer  on  the  data  bus -along  with  the  coded  voltage 
information  to  provide  BIT. 

j 


3. 3. 2. 6 TACAN  IM 


The  original  requirement  called  for  an  IM  to  control 
the  AN/ARN-84  TACAN  (see  Figure  14).  At  the  design  briefing 

Telephonies  was  directed  by  NADC  to  replace  this  with  an  IM  to 
drive  the  discrete  controls  on  the  UHF  (ARC  159)  radio.  A block 
diagram  of  this  latter  Interface  Module  is  shown  in  Figure  15. 
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SECTION  3.4 
SOFTWARE  REQUIREMENTS 
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SOFTWARE  REQUIREMENTS 


INTERNAL  PROCESSOR 

i 

3. 4. 1.1  FEATURES  OF  INTERNAL  PROCESSOR 

i 

• Combined  OFL  and  ONL  Into  one  processor  (ONL/OFL) 

• Only  1 programming  language  to  master 

• ONL  program  fixed. 

• OFL  changes  as  IM's  change 

• User  uses  macro  instruction  rather  than  micro  instruction  ! 

programming. 

• Macro  instructions  increase  flexibility 

• Use  of  macro  instructions  leads  to  less  complex 
programming  requirements. 

• Emulation  of  partial  instruction  set  of  popular  micro- 
processors (i.e.  8080  etc.) 

3. 4. 1.2  TYPICAL  ONL  PROGRAMS 

• Response  to  Poll 

• External  initiated  receive  data 

• External  Initiated  transmit  data  ' 

• Internal  initiated  receive  data 

• Internal  initiated  transmit  data 

r i 

• BCIU  (Capture) 

I 

i,  i 

• Receive  - No  data 

• Transmit  - No  data  I 


• Broadcast 


3. 4. 1.3  TYPICAL  OFL  HtOGRAMS 


• Bus  service  request  routines 


Self  test  routines 


Data  manipulation  routines 


SUPPORT 


• Hand  encoding  of  microcode  (not  required  by  user) 

• Possible  use  of  assembler  for  macro  instruction. 


3.5 


BIT  ANALYSIS 


3.5.1  PHILOSOPHY 

3. 5. 1.1  ONL/OFL  processor  will  test  non  processor  functions  and 
update  terminal  flag  as  required. 

3. 5. 1.2  Computer  will  test  ONL/OFL  processor 

3.5.2  DESIGN  APPROACH 

3. 5. 2.1  TYPES  OF  TESTING 

a)  Computer  initiated  test  of  processor 

b)  ONL/OFL  self  test  of  functions  while  in  progress 

c)  ONL/OFL  self  test  of  functions  using  pseudo  data. 

3. 5. 2. 2 TEST  ANALYSIS  OF  FUNCTIONAL  GROUPS 

a)  Port 

Wrap  around  test  by  ONL/OFL  processor  during  normal 
operation. 

b)  ONL/OFL 

Test  by  external  computer 
Send  message 

Retrieve  manipulated  message 

c)  Central  Timing 

- PROM's 

- OFL  read  and  compare  pseudo  data 

- Scratch  Pad  RAM's 

- OFL  write  and  read  pseudo  data 

- Bus  service  request  file 
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ONL/OFL  test  during  normal  operation 


d)  IM's 


Digital 

- ONL/OFL  test  during  normal  operation  (wrap 
around  test) 


A a 1 


SECTION  3.6 


POWER  SUPPLY  DESIGN 
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3 .h  POWKR  SlllMM.Y  DESIGN 

As  previously  ststed  switching  type  power  supollos  sro 
the  most  desirable  to  use  In  systems  having  high  current  and 
moderately  stringent  regulation  requirements.  As  seen  from  the  fig- 
ure 18,  the  power  bus  feeds  a bridge  power  oscillator  In  series 
with  a regulator  circuit.  The  multltapped  outputs  of  the  oscillator 
are  full  wave  rectified  and  filtered  to  provide  the  various  low  vol- 
tage requirements  of  the  ADM  system.  An  Isolated  output  of  the  power- 
oscillator  provides  the  feedback  voltage  to  control  tire  scries 
regulator,  maintaining  the  output  voltages  constant,  as  the  load 
conditions,  and  Input  line  voltage  varies.  Power  return  and  system 

I 

I ground  are  thus  kept  Isolated. 

Regulation  of  from  1-2X  on  the  5 volt  output,  and  0 . IT 
on  the  low  current  outputs  should  be  achievable  using  this  configura- 
tion. 

Output  short  circuit  protection  Is  accomplished  as  follows: 
An  ovt  put  short  on  any  supply  causes  a collapse  In  the  flux  field  of 
! the  power  oscillator  transformer  thereby  eliminating  the  necessary 

feedback  to  maintain  oscillation.  This  automatically  reduces  the 
output  current  to  a negligible  level. 

A 30m8  storage  capacity  which  enables  the  power  supply  to 
I coritlnue  normal  operation  for  a 50ms  loss  of  Input  power.  Is  Included 

jf  In  the  design. 

i 

I 


POWER  IN  WATTS 


L 


BOARD 

+5 

-H5 

-12 

+15 

-15 

PORT  1 

5.45 

4.16 

0.6 

* PROCESSOR  1 

18.0 

PORT  2 

5.45 

4.16 

0.6 

* PROCESSOR  2 

18.0 

PORT  3 

5.45 

4.16 

0.6 

* PROCESSOR  3 

18.0 

PORT  4 

5.45 

4.16 

0.6 

* PROCESSOR  4 

18.0 

A/D  IM 

2.5 

0.06 

0.6 

ANALOG  IM 

5.0 

1.08 

1.02 

S/D  IM 

2.0 

0.02 

0.165 

SOS  TEL  IM 

5.0 

1.7 

0.33 

UHF  IM  DATA 

5.0 

.03 

.Oi 

UHF  DIS  IM 

5.0 

.03 

.04 

MEM /TIM 

6.25 

i 

TOTAL 

124.6 

18.4 

2.4 

1.16 

2.195 

* Two  cards. 
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3.6.2  CENTRAL  VERSUS  DISTRIBUTED 

Distributed  power  supply  systems  are  used  primarily  when 
a high  degree  of  regulation  at  a given  point  Is  required.  This 
tends  to  reduce  ground  loop  problems  due  to  different  IR  drops  on 
the  power  lines  to  each  of  the  system  modules. 

Using  today's  technology^ highly  regulated  power  supplies 
are  no  longer  required  and  the  relatively  constant  nature  of 
logic  type  loads  places  the  stress  on  the  line  regulation  capabilities 
of  the  supoly.  In  the  ADM  system  almost  907.  of  the  power  is  consumed 
by  the  5 volt  logic.  Based  on  the  preceding  the  decision  to  go  to 
a central  power  supply  system  followed.  The  most  critical  voltages, 

+ 15V  used  for  the  A/D  converter,  will  be  highly  regulated  at  the 
central  supply.  The  minimal  current  requirement  of  less  the  0.2 
amps  will  produce  negligible  IR  drops  In  the  power  lines  to  the  A/D 
thereby  making  A/D  on  board  regulation  unnecessary. 
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3.6.3  USE  OF  270  VOLTS 

The  use  of  270  volt  DC  power  on  the  aircraft  offers  many 
advantages  starting  from  basic  power  generation  and  ending  with  the 
size  and  type  of  component  used  in  the  system  power  supply. 

Generation  of  270  VDC  requires  generators  which  are  smaller, 
lighter  and  far  less  complex  than  equivalent  400  Hz.  generators . 
Switching  to  redundant  back  up  power  in  a DC  system  is  readily 
accomplished  through  the  use  of  a diode  as  compared  to  far  more 
complex  systems  required  for  AC  power  back  up. 

The  trend  in  present  day  technology  is  toward  higher  packag- 
ing density  thereby  requiring  greater  efficiency  and  smaller  volume 
in  power  supplies.  This  has  led  to  the  increased  use  of  switching 
type  regulated  power  supplies  which  in  turn  enhance  the  use  of  DC 
input  power  thereby  eliminating  the  need  for  input  rectification. 


! 


j 

i 

1 

1 

I 

1 

I 

I 

SECTION  3.7 

MECHANICAL  PACKAGING  DESIGN 

I 

I ! 

! 


t 
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I 

I 3.7.1  BOX  DESIGN 

I The  transfer  of  heat  out  of  the  box  is  the  primary 

I problem  in  the  raecte  nical  design.  Heat  is  transferred  from  the 

I components  on  each  PC  card  through  a metal  overlay  which  is  in 

j 

[ direct  contact  with  the  card  clamps  mounted  to  the  box  walls.  The 

f 

i 

j box  is  of  hollow  wall  construction  with  Kintex  corrugated  filler 

1 

. which  allows  free  passage  of  air  to  carry  the  heat  from  the  side- 

I walls  to  the  outside  ambient.  As  stated  in  section  2.3  a fan  will 

used  to  provide  the  necessary  air-flow  when  the  box  is  to  be  used 
f at  altitudes  up  to  30,000  feet.  Between  30,000  and  70,000  feet 

(the  upper  specification  limit)  the  unit  will  rely  on  ECS  air 
supplied  at  the  rate  of  3.4  /i^/min/KW. 

, The  package  is  divided  into  two  major  compartments; 

namely  a card  area,  which  occupies  approximately  two  thirds  of  the 
box  with  the  remaining  third  for  the  power  supply.  The  dividing 
wall  between  the  two  compartments  forms  a plenum  which  allows  cooling 
air  to  flow  over  the  finned,  power  supply  heat  sink  to  which  are 
! mounted  that  unites  high  power  dissipation  components. 

The  cards  plug  into  connectors  on  a backplane  and  signals 
and  power  are  communicated  by  front  panel  mounted  connectors  as 
follows : 


] 


QTY 

# PINS 

FUNCTION 

1 

6 

Power 

4 

98 

IM/Peripheral  Communication 

4 

TWINAX 

MUX  Bus 

The  backplane  will  be  constructed  as  a metal-phenolic- 
metal  "sandwich"  with  one  metal  plate  serving  as  the  five  volt 
bus  and  the  other  as  the  ground  plane.  This  technique  fe  being  used 
to  ensure  the  maximum  five  volt  and  ground  conduction  path  areas 
(minimum  resistance)  as  well  as  minimizing  the  inductance  presented 
to  tie  high  frequency  signals  existent  in  the  box.  A drawing 
package  is  included  as  Appendix  1. 

I 
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3.7.2  PC  CARD  CONFIGURATION 

The  printed  circuit  card  dimensions  are  approximately 
5x7  with  approximately  34  square  Inches  of  useful  area.  Thermal 
analysis  indicates  the  need  for  metal  overlays  on  each  card  to 
transfer  heat  generated  by  the  IC's  to  the  air-cooled  side-walls 
via  the  card  guides.  A typical  card  layout  is  included  as  part 
of  Appendix  1. 


3.7.3 


WEIGHT  ESTIMATE 


NAME  WGT.  EST.  LBS . 


Side  Walls  (2) 

3.3 

Back  Plane  (1) 

2.45 

Backplane  Angles  (2) 

.12 

Front  Panel 

.96 

Handles  (2) 

.32 

Connector  I/O 

.32 

Covers  Top  & Bottom 

.96 

P.S.  Estimate 

7.00 

Large  Caps  (4) 

1.2 

Wiring 

3.0 

PC  Cards  (19) 

7.41 

Rear  Cover 

.28 

Card  Guides  (28) 

.90 

Misc.  Hardware 

1.5 

TOTAL  - 

30 

3.7.4  THERMAL  CONSIDERATIONS 

A four  part  thermal  analysis  was  performed  which  is 
summarized  below.  The  complete  analysis  is  included  as  .Appendix  2. 
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SUMMARY  OF  THERMAL  ANALYSIS 


Assuming  a total  of  300  watts  dlsslpsted  in  tho  box, 
four  analyses  were  conducted  as  follows.  An  ambient  air  temperatire 
of  71°C  was  used  for  the  calculations. 

a)  Using  a fan  and  maintaining  the  3/4  ATR  box  size, 

what  is  the  maximum  operating  altitude? 

FAN  RPM  I AIR  FLOW(CFM)  TEMP.  P.S.  MAX. ALT. (FT) 

H.S.  (OC) 

65  100 

95  103 

105  110 

As  can  be  seen  from  the  figures  in  the  table  there  is 
very  little  to  be  gained  in  attempting  to  move  from 
the  19,000  rpra  to  the  22,500  rpm  fan,  and.  Inasmuch 
as  this  last  is  available  only  as  an  AC  unit  its 
use  is  ruled  out. 

b)  How  much  bigger  (than  3/4  ATR)  must  box  grow  in 
order  to  meet  the  70,000  foot  altitude  with  all 
other  parameters  held  constant?  An  increase  of  one 

inch  in  box  width  yields  the  following: 

FAN  RPM  I AIRFLOW(CFM)  TEMP.  P.S.  MAX. ALT. (FT) 

H.S.  (°C)  

150  78  (LIM) 

Its  78  (LIM) 

175  105  ~ I 70,000 
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13.000 

22.000 
22,000 


13.000 

19.000 
22,500 


30.000 

50.000 

55.000 


The  first  two  conditions  listed  allow  no  operation 
above  sea  level  pressure.  Allowing  a heat  sink 
temperature  of  105°C  raises  the  operating  ceiling  to 
70,000  feet,  but  the  fan  required  is  available  with 
an  AC  motor  only,  making  it  unsuitable  for  ADM  use. 
c)  Keeping  the  configuration  described  in  a)  what  are 
the  allowable  power  dissipation  levels  for  operation 
from  sea  level  to  70,000  feet? 


FAN  CFM 

MAX.  DISS 

65 

116 

95 

170 

105 

188 

The  relatively  low  (compared  to  the  box  design) 
allowable  power  levels  are  a result  of  the  70,000 
foot  altitude  requirement.  Obviously,  full  spec 
operation  is  impossible  without  some  special  pro- 
visions . 

d)  Is  operation  up  to  an  altitude  of  70,000  feet  possible 
if  90°F  ECS  air  is  supplied  at  a rate  of  3.4  Ibs/min/ 
KW?  This  portion  of  the  analysis  yielded  a power 
supply  heat  sink  temperature  of  79°C  indicating 
satisfactory  operation. 
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Therefore,  the  conclusions  were  to  provide  a .050” 
inch  thermal  overlay  on  each  PC  card,  utilize  a fan  for  operation 
up  to  30,000  feet  and  use  aircraft  (ECS)  90°F  forced  air  for  system 
operation  up  to  70,000  foot  altitude.  The  fan  assembly  is  detach- 
able from  the  basic  3/4  ATR  box  envelope. 


SECTION  4.0 

RELIABILITY  & MAINTAINABILITY 
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4.1 


MTBF 


An  MTBF  for  the  MT  has  been  calculated  using  the 
failure  rate  data  in  MIL-HDBK-217B  and  an  Airborne  Inhabited, 

50°C  environment. 

Assuming  a series  reliability  model,  the  resulting 
calculated  MTBF  is  2376  hours.  Refer  to  Table  4.1  for  the 
failure  rate  of  each  sub-assembly. 

While  this  figure  indicates  the  hardware  MTBF  of  the 
entire  box,  it  does  not  accurately  reflect  the  reliability  of 
the  design.  When  operating  in  the  GPMS  mode,  a failure  in 
the  circuitry  of  one  of  the  four  channels  (i.e.  Port  or  CPU  1, 

2)  would  not  incapacitate  the  MT,  but  only  shift  the  load  normally 
handled  by  that  channel  to  the  others.  Therefore,  throughput 
rate  might  be  affected,  but  box  operations  would  continue.  Only 
one  of  the  four  port/CPU  channels  must  operate  to  allow  mission 
success . 


There  are  two  areas  where  a failure  would  disable  the  entire 
box.  They  are  the  Power  Supply  and  the  Memory/Timing  PC  board. 

The  design  of  both  the  Power  Supply  and  Memory  and  Timing  circuits 
has  taken  into  account  their  system  criticality  and  has  minimized 
failures  within  these  functions  to  the  maximum  extent  possible. 

In  determining  the  mission  success  of  the  ADM,  a 
reliability  model  indicated  in  Figure  4.1  was  developed.  This 
model  uses  a typical  I/M  (SOSTEL)  with  a failure  rate  of  17.28 
failures  per  million  hours. 

The  resulting  probability  of  mission  success  for  a two 
hour  mission  is  . 99991 . 

The  calculated  mission  success  clearly  substantiates 
the  actual  reliability  of  the  ADM  by  demonstrating  the  probabilistic 
ability  to  perform  the  intended  function. 


r 
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PART  NAME 

BOX  QTY(n) 

X , FAILURE/10^  HRS. 

® Ta  - 90^0 

1.  Port 

4 

17.36 

69.44 

2.  CPU-1 

4 

27 

108 

3.  CPU-2 

4 

27 

108 

4.  MEM/TIM 

1 

15.138 

15.138 

5.  SOSTEL  IM 

1 

17.28 

17.28 

6.  S/D  IM 

1 

5.176 

5.176 

7 . Analog  IM 

1 

31.464 

31.464 

8.  UHF  Data  IM 

1 

7.462 

7.462 

9.  UHF  DIS  IM 

1 

7.462 

7.462 

10.  A/D  IM 

1 

1 

46.84 

46.84 

11.  Power  Supply 

1 

4.57 

4.57 

1 

420.8 

1) 

Items  1 

through 

10  are  P.C 

2) 

MTBF  - 

1 X 

106  - 2376 

420.8 


TABLE  4.1 


n 
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CALCULATIONS 


1) 


2) 


For  "one  of  four"  operational  input  parts  and  CPU 
4p-6p^+4p^-p4 


= 3.9994-5.9982001  + 3.9982003-  .9994013 

= .999999 

Probability  of  Mission  Success 


where  time  (t) 


^2.3.4 


2 hours 


= 0. 99999x0. 9996x. 099999x0. 99996 
= 0.9991 
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PART  DERATING  GUIDELINES 


art  derating  and  redundancy  conaiderations  are  the  most  significant 
^actors  in  determining  overall  aystem  MTBF  or  Reliability.  By  de- 
creasing electrical  and  Chermal  atreaaes  at  the  component  or  part 
evel . the  designer  can  preaerve  the  inherent  reliability  of  the  parts. 

Parts  shall  be  selected  and  derated  as  listed  below: 


APACiTOR  TYPES 

MIL  SPEC 

MINIMUM 

VOLTAGE 

DERATING 

Ceramic 

MIL-C-39014 

. 5 

ica 

MIL-C-39001 

. 5 

'’aper/  Fi  ] m 

MIL-C-1A157 

, 5 

.'lolid  Elect  rolyte 

MIL-C-39003 

. 5 

jn-Si’  1 id 

SHALL  ^ BE  USED 

— 

5-58 


» WVlfMW  0»  MtflMMINT  tVaTlM*  COUKMATION 
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DERATING  FACTOR** 


DjODjLTYJ^il^ 

OPEN  MTG. 

PARAMETER 

general  Purpose. 
Switching 

iO 
. ^0 

50 
. 50 

Power 

PIV 

Surge  Current 
Forward  Current 

■^ener 

. 30 
. 50 

Power 

Forward  Current 

Reference 

. 30 

50 

Power 

Forward  Current 

TRANSISTOR  TYPES 
Jeneral  Purpose 


• . over 


Switching 


T 


DERATING  FACTOR** 

FACTOR 

PARAMETER 

30 

Power 

. 50 

Current 

60 

Volt  age 

. 30 

Power 

. 50 

Current 

60 

Voltage 

. 50 

Power 

. 50 

Current 

.60 

Voltage 

1 


l| 


DERATING  FACTOR** 

MICROCIRCUIT  TYPES 

OPEN  MTG 

PARAMETER  | 

. )igital 

.80 

Fanout /Output  ! 

Current  i 

. 75 

Supply  Voltage 

T 

. 75 

Operating  Fre- 

• 

quency 

.inear 

80 

Supply  Voltage 

. 75 

Output  Current  ! 

i . 

75 

Operating  Fre- 

quency 

\ 


'•*  Derat  iMf.  Factor  * Maxitr.i^  Allowable  Stress 

Rated  Stress 


APPLICATION  NOTES 


a.  Do  not  exceed  the  maximum  current  rating  of  the  capacitor, 
series  limiting  resistors  should  be  utilized  for  charge/ 
discharge  circuits.  Ceramic  capacitors  should  be  limited 
to  50  ma  charge/discharge  currents.  Solid  tantalum  capac- 
itors should  employ  a 3 ohms/volt  series  limiting  resis- 
tor. 

b.  Maximum  voltage  Includes  superimposed  AC  and  DC  pulse  volt- 
ages . 

c.  Manufacturer's  recommendation  for  ripple  currents  must  be 
strictly  observed.  Reverse  bias  should  be  prevented  in 
AC  applications  by  application  of  a sufficient  forward  DC 
bias . 

d.  Loss  of  pressurization  should  not  cause  the  failure  of  any 
capacitor,  particularly  air  dielectric  types.  Circuit 
niAnuf Acturer ' 8 not6S  for  additional  voltage  derating  should 
be  consulted. 


itESISTOR  TYPES 

Composition 

FILM 

FILM 

Wire  Wound 

* Maximum  Allowable 
Rated  Stress 


MIL  SPEC 
MIL-R- 39008 
MIL-R-39017 
MIL-R-55182 
MIL-R- 39007 

Stress 


MAXIMUM’- 

STRESS 

RATIO 

. 5 

. 5 

. 5 

. 5 


APPLICATION  NOTES 

a.  Voltage  shall  not  exceed  807.  of  the  manufacturer's  rating. 

b.  If  power  resistors  are  mounted  in  proximity  the  maximum 
power  dissipation  shall  be  reduced  by  20%. 
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APPLICATION  NOTE 


Ti  nsient  protection  must  be  provided  for  integrated  circu 
derating  shall  be  achieved  by  means  of  appropriate  fan-in, 
leading 


its.  Power 
fan-out  and 


transformers  and  inductors 

GENERIC  TYPE 


MAX IMIJM  HOT-SPOT  TEMPERATURE  RISE 


I MIL-T-27 


30OC 


Class  S 
T 


40OC 

330c 


APPLICATION  NOTE 

Si  -rounding  components  must  not  be  heated  beyond  their  specified  opera- 
tional temperatures. 


I 


; 


I 
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4.3 


SUBSYSTEM  FAULT  HAZARD  ANALYSIS 


4.3.1  INTRODUCTION 

This  document  is  a preliminary  submittal  of  the 
Subsystem  Fault  Hazard  Analysis  for  The  ADM. 

4.3.2  PURPOSE 

The  purpose  in  performing  the  Ss/HA  is  to  identify  and 
minimize,  or  eliminate  where  possible  potential  hazards  to  the 
safety  of  the  ADM  and  its  operating  personnel.  This  analysis 
has  been  performed  in  accordance  with  the  process  described  in 
MIL-STD-882.  Formats  and  Steps  (I,  II  and  III,  IV)  of  MIL-STD-882 
are  used. 

4.3.3  ANALYSIS  PROCEDURE  AND  RESULTS 

A.  PROCEDURE 

The  preliminary  analysis  was  prepared  to  the  second 
tier  subsystem  level.  The  block  diagram  on  page  78  is  the  Ss/HA 
summary  sheet  and  shows  the  ADM  as  the  first  time  subsystem. 

The  ADM  was  subdivided  into  two  second  tier  subsystems 
by  WRA  which  comprise  the  second  tier  subsysteirf. 

The  potential  hazards  to  the  ADM  and  operating  personnel 
in  each  mission  phase  were  then  listed  and  the  system  features 
designed  to  protect  against  each  hazard  were  carefully  evaluated. 
Check  lists  are  being  completed  for  all  applicable  hazards. 

Finally,  each  potential  hazard  was  categorized  as  to  severity  to 
the  system. 

B . RESULTS 

As  can  be  seen  from  Table  4.3-2  there  are  no  potential 
hazards  with  a hazard  severity  greater  than  Category  II. 

The  severity  category  assigned  to  each  potential  hazard 
reflects  the  Telephonies  design  concept  for  the  ADM.  Typically, 
the  use  of  flame  retardent  materials  throughout  the  subsystem  as 
well  as  limiting  the  ability  of  the  power  supplies  to  furnish 
current  into  a short  circuit  reduces  the  hazard  to  a category  1 
severity . 


The  potential  electrical  hazard  to  personnel  during 
ground  operation  has  been  similarly  controlled  by  design.  All 
contacts  and  terminals  having  potentials  in  excess  of  70V  RMS  will 
have  barriers  provided  to  prevent  accidental  contact  by  personnel. 
In  addition  such  terminals  will  be  identified  and  marked.  This 
potential  hazard  can  be  controlled  provided  operating  personnel 
exercise  reasonable  caution  and  observe  the  precautions  designed 


by  Telephonies.  Therefore,  the  potential  electrical  hazard  to 
personnel  has  been  designated  Category  II. 

The  interim  Hazard  Analysis  submission  will  be  submitted 
using  the  sub-system  Hazard  Analysis  Form  which  is  attached. 


Hazard  i^-.alysis  Consideration  Checklist  was  used  with  the  following 
protective  measures  taken: 

1.  Protecticr.  of  personnel  from  shock  hazards  by  grcur.ding  external 
conducting  paths,  protecting  and  labeling  internal  high  voltage  points. 

2.  Protection  against  handling  hazards  by  rounding  earners  and 
edges  and  controlling  exterior  surface  temperatures. 

3.  Provide  crash  safety  by  providing  mounting  withstanding  30G 
loads. 

4.  Prevention  of  internal  failure  damage  by  over-voltage  and 
over-current  protection  in  power  supply. 


5.  Fail  safe  circuit  design  such  that  circuit  failure  does  not 
overload  power  supply. 

6.  Component  packaging  is  in  accordance  with  level  A of  KIL-STD-794. 

7.  Training  pertaining  to  safe  m.aintenance  of  the  system  is 
conducted  to  all  personnel  responsible  with  system  maintenance. 


8.  Resistance  to  mechanical  shock  damage. 

9.  System  environmental  constraints. 

10.  Protection  against  fire/explosion  by  usage  of  flame  retardant 
materials  and  internally  protected  power  supply. 


11.  Prevention  of  external  failure  propagation  by  protection 
of  input  power  lines  and  I/O  signals  buffering. 
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COMPONENT  IIA/ARD  ANALYSIS 
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HAZARD  ANALYSIS  CONSIDERATION 
CHECK  LIST 


MAINTAINABILITY 


• Designed  for  maintenance  at  organizational,  inter- 
mediate and  depot  le-»fels  as  defined  in  OP  NAVINST 
4790. 2A 

• Repair  at  organizational  level  will  be  limited  to 
simple  removal  of  vniA. 

• Repair  at  intermediate  level  shall  be  simple  re- 
placement of  SRA’s 

• SRA's  and  WRA's  shall  be  removed  with  no  special 
tool  and  with  minimum  time. 

• MTTR  calculation 

• Continual  design  review  to  insure  conformance 
with  calculations  and  design  goals. 

• Corrective  action  implementation 

• Trade  Studies 

• Comparison  of  allocated  repair  times  with  actual 
repairs . 
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SECTION  5.0 


TEST  & SUPPORT 


I 


Figure  20  Illustrates  the  test  set-up  to  be  used  to 
support  and  demonstrate  ADM  system  operation.  All  required  soft- 
ware and  hardware  (other  than  that  marked  "GFE")  will  be  made 
available  by  Telephonies. 
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I 


6.1 


TEST/CONTROL  PANEL 


Figure  21  Illustrates  the  control  and  display  panel  of 
a proposed  ADM  system  support  device  which  would  aid  In  operntlon 
and  trouble-shooting.  A full  proposal  will  be  submitted  under 
separate  cover. 

6.2  INCORPORATE  BCU  FUNCTl  ON  IN  MT 

In  an  effort  to  concentrate  the  design,  fabrication  and 
test  efforts  in  the  more  fruitful  area  (that  of  the  MT)  Telephonies 
recommends  eliminating  the  fabrication  of  a separate  BCU  with  the 
function  included  in  the  MT  software.  See  figure  22  for  the 
block  diagram  aid  flow  chart. 
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APPENDIX  Z 


THERMAL  ANALYSIS 
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